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(67) A power generation system of the present in-
vention comprises a fuel cell system (101), a gas supply
device, a controller (102), a combustion device (103), an
exhaust passage (70), a gas passage used to supply a
gas supplied from the gas supply device to the exhaust
passage (70), and a back-flow preventing device (20)
placed in the gas passage or the exhaust passage (70),
and the controller (102) executes an operation for reliev-
ing a state in which a valve element remains incapable
of moving away from a valve seat in the back-flow pre-
venting device (20) in such a manner that the gas supply
device is operated so that a differential pressure between
an upstream side and a downstream side of the back-

flow preventing device (20) becomes a value equal to or

greater than the predetermined time which can relieve

the state in which valve element remains incapable of

moving away from the valve seat, during a shut-down

state or at start-up of the fuel cell system (101).
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Description
Technical Field

[0001] The present invention relates to a power gen-
eration system which supplies heat and electricity and
an operation method thereof.

Background Art

[0002] A cogeneration system is a system which sup-
plies electric power generated in power generation to a
customer to cover a power load of the customer, and
recovers and stores exhaust heat resulting from the pow-
er generation to cover a hot water load of the customer.
As such a cogeneration system, there is known a cogen-
eration system in which a fuel cell and a hot water supply
device are configured to operate using the same fuel
(e.g., see Patent Literature 1). The cogeneration system
disclosed in Patent Literature 1 includes a fuel cell, a heat
exchanger for recovering heat generated by an operation
of the fuel cell, a hot water storage tank for storing water
heated after it has circulated through the heat exchanger,
and a hot water supply device for heating the water flow-
ing out of the hot water storage tank up to a predeter-
mined temperature, and is configured such that the fuel
cell and the hot water supply device operate using the
same fuel.

[0003] Thereisalsoknown afuel cell power generation
apparatus intended to improve an exhaust performance
of the fuel cell power generation apparatus placed inside
of a building (e.g., see Patent Literature 2). The power
generation apparatus disclosed in Patent Literature 2 is
afuel cell power generation apparatus installed and used
inside of a building having an intake port. The power gen-
eration apparatus includes an air introduction port
through which air is guided from inside of the building to
inside of the fuel cell power generation apparatus, an air
exhaust pipe through which the air inside of the fuel cell
power generation apparatus is exhausted to outside of
the building, and a ventilation means. The ventilation
means guides the air outside of the building to inside of
the building via the intake port, then introduces the air to
inside of the fuel cell power generation apparatus through
the air introduction port, and then exhausts the air to out-
side of the building through the air exhaust pipe.

[0004] There is also known a power generation appa-
ratus including a duct extending vertically for improving
an exhaust performance of an exhaust gas generated in
a fuel cell placed inside of a building (e.g., see Patent
Literature 3). In the power generation apparatus dis-
closed in Patent Literature 3, the duct extending vertically
inside of the building and having an upper end portion
located outside has a double-wall-pipe structure, and a
ventilation pipe and an exhaust pipe are coupled to the
duct so that the exhaust gas or air flows individually in
an inner side or an outer side of the duct.
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Citation List
Patent Literature
[0005]

Patent Literature 1: Japanese Laid-Open Patent Ap-
plication Publication No. 2007-248009

Patent Literature 2: Japanese Laid-Open Patent Ap-
plication Publication No. 2006-73446

Patent Literature 3: Japanese Laid-Open Patent Ap-
plication Publication No. 2008-210631

Summary Invention
Technical Problem

[0006] Assuming that the cogeneration system dis-
closed in Patent Literature 1 is placed inside of the build-
ing, a configuration described below may be possibly pro-
vided, with reference to the power generation apparatus
disclosed in Patent Literature 2 or Patent Literature 3.
Specifically, a cogeneration unit including a ventilation
fan, a fuel cell, and a hydrogen generator for supplying
a fuel gas to the fuel cell, and a hot water supply unit
including a hot water supply device are placed separate-
ly, and an exhaust passage which provides communica-
tion between the cogeneration unitand the hot water sup-
ply device is provided.

[0007] In such a configuration, for example, in a case
where the hot water supply device is activated and the
ventilation fan is not activated, the exhaust gas exhaust-
ed from the hot water supply device may flow into the
cogeneration unit through the exhaust passage. To pre-
ventthe exhaust gas exhausted from the hot water supply
device from flowing back into the cogeneration unit, a
back-flow preventing device (back-flow

preventing valve) may be placed in the exhaust passage.
The back-flow preventing valve is configured in such a
manner that a valve element contacts a valve seat to
prevent back flow of a gas or liquid, although there are
many kinds of back-flow preventing valves.

[0008] The exhaust gas exhausted from the hot water
supply device is a gas generated by combusting fuel, and
therefore contains a plenty of steam. Because of this, if
water droplets generated by condensation of a moisture
in the exhaust gas in the hot water supply device stay
inside of the back-flow preventing device and adhere to
a surface of the valve element or a surface of the valve
seat, this may lead to a situation in which the valve ele-
ment remains incapable of moving away from the valve
seat, due to a surface tension.

[0009] Especially, during a shut-down state of the co-
generation system, if the condensed water stays inside
of the back-flow preventing device, the valve element
remains incapable of moving away from the valve seat
inside of the back-flow preventing device, so that the gas
which should be exhausted is not exhausted. This may
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result in a situation in which ventilation of an interior of
the cogeneration system cannot be sufficiently per-
formed at start-up of the cogeneration system. If the ven-
tilation of the interior of the cogeneration system cannot
be carried out sufficiently, the gas such as a combustion
exhaustgas generated inside of the cogeneration system
is supplied to a cathode of the fuel cell, which decreases
a power generation efficiency of the fuel cell.

[0010] An object of the present invention is to provide
apower generation system having a higher durability and
an operation method thereof, which are capable of car-
rying out power generation stably, in a case where an
exhaust passage which provides communication be-
tween a fuel cell system and a combustion device is pro-
vided, and a back-flow preventing device for preventing
a back flow of an exhaust gas exhausted from a com-
bustor from flowing back to an inside of a casing of the
fuel cell system is placed in the exhaust passage as de-
scribed above.

Solution to Problem

[0011] To solve the problems associated with the prior
arts, a power generation system of the present invention
comprises a fuel cell system including a fuel cell for gen-
erating electric power using a fuel gas and an oxidizing
gas and a casing accommodating the fuel cell, a gas
supply device, and a controller; the power generation
system further comprising: a combustion device; an ex-
haust passage placed to provide communication be-
tween the casing and an exhaust port of the combustion
device and configured to exhaust an exhaust gas ex-
hausted from the fuel cell system and an exhaust gas
exhausted from the combustion device, to atmosphere,
through an opening leading to the atmosphere; a gas
passage which is provided with the gas supply device
and used to supply a gas supplied from the gas supply
device to the exhaust passage; and a back-flow prevent-
ing device placed in the gas passage or the exhaust pas-
sage and including a valve seat and a valve element;
wherein the back-flow preventing device is configured
such that the valve element moves away from the valve
seat to permit the gas to flow in a direction from the casing
to the opening of the exhaust passage, and the valve
element contacts the valve seat to inhibit the gas from
flowing in a direction from the opening of the exhaust
passage to the casing and as a result to prevent the ex-
haust gas exhausted from the combustion device from
flowing into the casing; and wherein during a shut-down
state or at start-up of the fuel cell system, the controller
executes an operation for relieving a state in which the
valve element remains incapable of moving away from
the valve seatin such amanner thatthe gas supply device
is operated so that a differential pressure between an
upstream side and a downstream side of the back-flow
preventing device reaches a value which is equal to or
greater than a predetermined value which canrelieve the
state in which the valve element remains incapable of
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moving away from the valve seat in the back-flow pre-
venting device.

[0012] The term "during a shut-down state of the fuel
cell system" is defined as a state before a start-up oper-
ation of the fuel cell starts after a shut-down operation of
the fuel cell is finished. Therefore, "during a shut-down
state of the fuel cell system" includes a power generation
standby state in which a part of auxiliary devices in the
fuel cell system are operated and the fuel cell system is
in a standby state.

[0013] The term "at start-up of the fuel cell system"
refers to a state in which the fuel cell system starts a
start-up operation. Specifically, this may be a time when
a signal is input to the controller to command the fuel cell
system to start the start-up operation, or may be a time
when the controller outputs a signal to components in
the fuel cell system to command the fuel cell system to
start the start-up operation. In other words, the term "at
start-up of the fuel cell system" refers to a period that
passes from when the signal for commanding the fuel
cell system to start the start-up operation is input to the
controller until the components in the fuel cell system
start to be activated.

[0014] In this configuration, even in a case where the
combustion device is activated, and water droplets gen-
erated by condensation of a moisture in the exhaust gas
from the combustion device stay in the back-flow pre-
venting device and cause the valve element to remain
incapable of moving away from the valve seat in the back-
flow preventing device, the gas supply device is operated
so that the differential pressure reaches a value which is
equal to or greater than the predetermined value which
can relieve the state in which the valve element remains
incapable of moving away from the valve seat in the back-
flow preventing device, and thus the state in which the
valve element remains incapable of moving away from
the valve seat in the back-flow preventing device can be
relieved forcibly. Therefore, reduction of an oxygen con-
centration in the interior of the casing can be suppressed,
and hence the power generation in the fuel cell can be
carried out stably.

[0015] A method of operating a power generation sys-
tem of the present invention, comprises a power gener-
ation system comprising a fuel cell system including a
fuel cell for generating electric power using a fuel gas
and an oxidizing gas and a casing accommodating the
fuel cell, a gas supply device, and a controller; the power
generation system further comprising: a combustion de-
vice; an exhaust passage placed to provide communica-
tion between the casing and an exhaust port of the com-
bustion device and configured to exhaust an exhaust gas
exhausted from the fuel cell system and an exhaust gas
exhausted from the combustion device, to atmosphere,
through an opening leading to the atmosphere; a gas
passage which is provided with the gas supply device
and used to supply a gas supplied from the gas supply
device to the exhaust passage; and a back-flow prevent-
ing device placed in the gas passage or the exhaust pas-
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sage and including a valve seat and a valve element;
wherein the back-flow preventing device is configured
such that the valve element moves away from the valve
seat to permit the gas to flow in a direction from the casing
to the opening of the exhaust passage, and the valve
element contacts the valve seat to inhibit the gas from
flowing in a direction from the opening of the exhaust
passage to the casing and as a result to prevent the ex-
haust gas exhausted from the combustion device from
flowing into the casing; and wherein during a shut-down
state or at start-up of the fuel cell system, the gas supply
device is operated so that a differential pressure between
an upstream side and a downstream side of the back-
flow preventing device reaches a value which is equal to
or greater than a predetermined value which can relieve
a state in which the valve element remains incapable of
moving away from the valve seat in the back-flow pre-
venting device.

[0016] In this method, even in a case where the com-
bustion device is activated, and water droplets generated
by condensation of a moisture in the exhaust gas from
the combustion device stay in the back-flow preventing
device and cause the valve element to remain incapable
of moving away from the valve seat in the back-flow pre-
venting device, the gas supply device is operated so that
the differential pressure reaches a value which is equal
to or greater than the predetermined value which can
relieve the state in which the valve element remains in-
capable of moving away from the valve seat in the back-
flow preventing device, and thus the state in which the
valve element remains incapable of moving away from
the valve seat in the back-flow preventing device can be
relieved forcibly. Therefore, reduction of an oxygen con-
centration in the interior of the casing can be suppressed,
and hence the power generation in the fuel cell can be
carried out stably.

Advantageous Effects of the Invention

[0017] In accordance with a power generation system
and an operation method thereof of the presentinvention,
even in a case where the combustion device is activated,
and water droplets generated by condensation of a mois-
ture in the exhaust gas from the combustion device stay
in the back-flow preventing device and cause the valve
element to remain incapable of moving away from the
valve seat in the back-flow preventing device, the gas
supply device is operated so that the differential pressure
reaches a value which is equal to or greater than the
predetermined value which can relieve the state in which
the valve element remains incapable of moving away
from the valve seat in the back-flow preventing device,
and thus the state in which the valve element remains
incapable of moving away from the valve seatin the back-
flow preventing device can be relieved torcibly. There-
fore, reduction of an oxygen concentration in the interior
of the casing can be suppressed, and hence the power
generation in the fuel cell can be carried out stably.
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Brief Description of the Drawings
[0018]

[Fig. 1] Fig. 1 is a schematic view showing a config-
uration of a power generation system according to
Embodiment 1.

[Fig. 2] Fig. 2 is a flowchart schematically showing
a start-up operation of a fuel cell system in the power
generation system according to Embodiment 1.
[Fig. 3] Fig. 3 is a schematic view showing a config-
uration of a power generation system according to
Embodiment 2.

[Fig. 4] Fig. 4 is a flowchart schematically showing
an operation for relieving a state in which a valve
element remains incapable of moving away from a
valve seat in the power generation system according
to Embodiment 2.

[Fig. 5] Fig. 5 is a flowchart schematically showing
an operation for relieving the state in which the ele-
ment remains incapable of moving away from the
valve seat in a power generation system according
to Modified example 1.

[Fig. 6] Fig. 6 is a schematic view showing a config-
uration of a power generation system according to
Embodiment 3.

[Fig. 7] Fig. 7 is a schematic view showing a config-
uration of a power generation system according to
Embodiment 4.

Description of the Embodiments

[0019] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
drawings. Throughout the drawings, the same or corre-
sponding components are designated by the same ref-
erence symbols, and will not be described in repetition.
Throughout the drawings, only constituents required to
explain the presentinvention are depicted, and other con-
stituents are not depicted. Moreover, the present inven-
tion is not limited by the embodiments described below.

(Embodiment 1)

[0020] A power generation system according to Em-
bodiment 1 of the present invention comprises a fuel cell
system including a fuel cell for generating electric power
using a fuel gas and an oxidizing gas and a casing ac-
commodating the fuel cell, a gas supply device, and a
controller; the power generation system further compris-
ing: a combustion device; an exhaust passage placed to
provide communication between the casing and an ex-
haust port of the combustion device and configured to
exhaust an exhaust gas exhausted from the fuel cell sys-
tem and an exhaust gas exhausted from the combustion
device, to atmosphere, through an opening leading to
the atmosphere; a gas passage which is provided with
the gas supply device and used to supply a gas supplied
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from the gas supply device to the exhaust passage (com-
municating with the exhaust passage); and a back-flow
preventing device placed in the gas passage or the ex-
haust passage and including a valve seat and a valve
element; wherein the back-flow preventing device is con-
figured such that the valve element moves away from
the valve seat to permit the gas to flow in a direction from
the casing to the opening of the exhaust passage, and
the valve element contacts the valve seat to inhibit the
gas from flowing in a direction from the opening of the
exhaust passage to the casing and as a result to prevent
the exhaust gas exhausted from the combustion device
from flowing into the casing; and wherein during a shut-
down state or at start-up of the fuel cell system, the con-
troller executes an operation for relieving a state in which
the valve element remains incapable of moving away
from the valve seat in such a manner that the gas supply
device is operated so that a differential pressure between
an upstream side and a downstream side of the back-
flow preventing device reaches a value which is equal to
or greater than a predetermined value which can relieve
the state in which the valve element remains incapable
of moving away from the valve seat in the back-flow pre-
venting device.

[0021] The term "during a shut-down state of the fuel
cell system" is defined as a state before a start-up oper-
ation of the fuel cell starts after a shut-down operation of
the fuel cell is finished. Therefore, "during a shut-down
state of the fuel cell system" includes a power generation
standby state in which a part of auxiliary devices in the
fuel cell system are operated and the fuel cell system is
in a standby state.

[0022] The term "at start-up of the fuel cell system"
refers to a state in which the fuel cell system starts a
start-up operation. Specifically, this may be a time when
a signal is input to the controller to command the fuel cell
system to start the start-up operation, or may be a time
when the controller outputs a signal to components in
the fuel cell system to command the fuel cell system to
start the start-up operation. In other words, the term "at
start-up of the fuel cell system" refers to a period that
passes from when the signal for commanding the fuel
cell system to start the start-up operation is input to the
controller until the components in the fuel cell system
start to be activated.

[Configuration of power generation system]

[0023] Fig. 1 is a schematic view showing a configu-
ration of a power generation system according to Em-
bodiment 1.

[0024] As shown in Fig. 1, a power generation system
100 according to Embodiment 1 is placed inside of a
building 200. The power generation system 100 includes
a fuel cell 11, a casing 12, a reformer 14a, and a com-
bustor 14b, a ventilation fan (ventilator) 13, a controller
102, a combustion device 103, an exhaust passage 70,
and a back-flow preventing device 20. The exhaust pas-
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sage 70is placed to provide communication between the
casing 12 of the fuel cell system 101 and an exhaust port
103A of the combustion device 103.

[0025] The controller 102 executes an operation for
relieving a state in which a valve element remains inca-
pable of moving away from a valve seat in the back-flow
preventing device 20 by operating a gas supply device
so that a differential pressure between an upstream side
and a downstream side of the back-flow preventing de-
vice 20 reaches a value which is equal to or greater than
a predetermined value which can relieve the state in
which the valve element remains incapable of moving
away from the valve seat in the back-flow preventing de-
vice 20.

[0026] The gas supply device may be any device so
long as it can supply the gas within the fuel cell system
101. In Embodiment 1, as the gas supply device, the
ventilation fan 13 and an oxidizing gas supply device 15
are exemplarily provided. The gas passage is defined as
a passage through which a gas supplied from the gas
supply device flows. In Embodiment 1, as the gas pas-
sage, an oxidizing gas supply passage 72, an off-oxidiz-
ing-gas supply passage 74, and a ventilation passage 7,
are exemplarily provided.

[0027] Although in Embodiment 1, the power genera-
tion system 100 is placed inside of the building 200, the
present invention is not limited to this. The power gener-
ation system 100 may be placed outside of the building
200 so long as the exhaust passage 70 is placed to pro-
vide communication between the casing 12 of the fuel
cell system 101 and the exhaust port 103A ot the com-
bustion device 103.

[0028] Inside of the casing 12 of the fuel cell system
101, the fuel cell 11, the ventilation fan 13, a fuel gas
supply device 14 and the oxidizing gas supply device 15
are placed. In addition, the controller 102 is placed inside
ofthe casing 12. Although in Embodiment 1, the controller
102is placedinside of the casing 12 of the fuel cell system
101, the present invention is not limited to this. The con-
troller 102 may be placed inside of the combustion device
103, or placed separately from the casing 12 and the
combustion device 103.

[0029] A hole 16 is provided in a suitable location of a
wall defining the casing 12 to penetrate the wall in a thick-
ness direction. A pipe defining the exhaust passage 70
is inserted into the hole 16 such that there is a gap be-
tween the pipe and the hole 16. The gap between the
hole 16 and the exhaust passage 70 define a intake port
16. Through the intake port 16, air outside of the power
generation system 100 can be supplied to inside of the
casing 12.

[0030] Although in Embodiment 1, the hole into which
the pipe defining the exhaust passage 70 is inserted and
the hole defining the intake port 16 are constructed as
the single hole 16, the present invention is not limited to
this. The hole into which the pipe defining the exhaust
passage 70 is inserted and the hole defining the intake
port 16 may be provided separately on the casing 12.
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The intake port 16 may be defined by one hole or a plu-
rality of holes.

[0031] The fuel gas supply device 14 may be config-
ured to supply the fuel gas (hydrogen gas) to the fuel cell
11 while adjusting a flow rate of the fuel gas. As the fuel
gas supply device 14, a hydrogen generator including
the reformer 14a for generating the fuel gas from a hy-
drocarbon gas which is a raw material and steam, and
the combustor 14b configured to heat the reformer 14a,
is used. The combustor 14a is constituted by a burner,
a combustion catalyst, etc..

[0032] InEmbodiment 1, the fuel cell 11 (to be precise,
entrance of the fuel gas passage 11A of the fuel cell 11)
is connected to the fuel gas supply device 14, via a fuel
gas supply passage 71.

[0033] The oxidizing gas supply device 15 may have
any configuration so long as it is able to supply an oxi-
dizing gas (air) to the fuel 11 while adjusting its flow rate,
and may be constituted by a fan component such as a
fan or a blower. The fuel cell 11 (to be precise, entrance
of an oxidizing gas passage 11B of the fuel cell 11) is
connected to the oxidizing gas supply device 15 via the
oxidizing gas supply passage 72.

[0034] The fuel cell 11 has an anode (not shown) and
a cathode (not shown). In the fuel cell 11, the fuel gas
supplied to the fuel gas passage 11 A is supplied to the
anode while flowing through the fuel gas supply passage
11A. Also, in the fuel cell 11, the oxidizing gas supplied
to the oxidizing gas passage 11B is supplied to the cath-
ode while flowing through the oxidizing gas passage 11
B. The fuel gas supplied to the anode and the oxidizing
gas supplied to the cathode are reacted with each other,
thereby generating electricity and heat.

[0035] The generated electricity is supplied to an out-
side power load (e.g., home electric devices) by a power
conditioner (notshown). The generated heatis recovered
by a heat medium flowing through a heat medium pas-
sage (not shown). The heat recovered by the heat me-
dium can be used to heat water, for example.

[0036] In Embodiment 1, as the fuel cell 11, various
fuel cells may be used, examples of which are a polymer
electrolyte fuel cell, a direct internal reforming solid oxide
fuel cell, and an indirect internal reforming solid oxide
fuel cell. Although in Embodiment 1, the fuel cell 11 and
the fuel gas supply device 14 are separately provided,
the present invention is not limited to this, but the fuel
gas supply device 14 and the fuel cell 11 may have a
unitary construction, like a solid oxide fuel cell. In this
case, the fuel cell 11 and the fuel gas supply device 14
are constructed as one unit which is covered with a com-
mon heat insulating member, and the combustor 14b is
able to heat the fuel cell 11 in addition to the reformer
14a. In the direct internal reforming solid oxide fuel cell,
the anode of the fuel cell 11 has a function of the reformer
14a. Therefore, the anode of the fuel cell 11 and the re-
former 14a may have a unitary construction. Since a con-
figuration of the fuel cell 11 is the same as that of a general
fuel cell, it will not be described in detail.
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[0037] An upstream end of the off-fuel-gas passage 73
is connected to an exit of the fuel gas passage 11A. A
downstream end of the off-fuel-gas passage 73 is con-
nected to the exhaust passage 70. An upstream end of
the off-oxidizing-gas passage 74 is connected to an exit
of the oxidizing gas passage 11B. A downstream end of
the off-oxidizing-gas passage 74 is connected to the ex-
haust passage 70.

[0038] Thereby, the fuel gas (hereinafter referred to as
off-fuel-gas) which has not been consumed in the fuel
cell 11 is exhausted from the exit of the fuel gas passage
11A to the exhaust passage 70 via the off-fuel-gas pas-
sage 73. Also, the oxidizing gas (hereinafter referred to
as off-oxidizing-gas) which has not been consumed in
the fuel cell 11 is exhausted from an exit of the oxidizing
gas passage 11 B to the exhaust passage 70 via the off-
oxidizing-gas passage 74. The off-fuel-gas exhausted to
the exhaust passage 70 is diluted by the off-oxidizing-
gas and exhausted to outside of the building 200.
[0039] The ventilation fan 13 is connected to the ex-
haust passage 70 via a ventilation passage 75. The ven-
tilation fan 13 may have any configuration so long as it
is capable of ventilating the interior of the casing 12. With
this configuration, air outside of the power generation
system 100 is supplied to inside of the casing 12 through
the intake port 16, and the ventilation fan 13 is activated,
so that the gas (mainly, air) is exhausted from inside of
the casing 12 to outside of the building 200 via the ven-
tilation passage 75 and the exhaust passage 70. In this
way, the interior of the casing 12 is ventilated.

[0040] Although in Embodiment 1, the fan is used as
the ventilation device, the present invention is not limited
to this, and the blower may be used as the ventilation
device. Although the ventilation fan 13 is placed inside
of the casing 12, the present invention is not limited to
this. The ventilation fan 13 may be placed inside of the
exhaust passage 70. In this case, the ventilation fan 13
is preferably positioned upstream of a branch portion of
the exhaust passage 70.

[0041] The combustion device 103 inc ludes the com-
bustor 17 and a combustion fan (combustion air supply
device) 18. The combustor 17 and the combustion fan
18 may be connected together via a combustion air sup-
ply passage 76. The combustion fan 18 may have any
configuration so long as it is able to supply combustion
air to the combustor 17, and may be, for example, a fan
component such as a fan or a blower.

[0042] The combustor 17 is supplied with combustion
fuel such as a combustible gas such as a natural gas or
liquid fuel such as kerosene, from a combustion fuel sup-
ply device which is not shown. The combustor 17 com-
busts the combustion air supplied from the combustion
fan 18 and the combustion fuel supplied from the com-
bustion fuel supply device to generate heat and combus-
tion exhaust gas. The generated heat may be used to
heat the water. That is, the combustion device 103 may
be used as a boiler.

[0043] An upstream end of the exhaust gas passage
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77 is connected to the combustor 17, while adownstream
end of the exhaust gas passage 77 is connected to the
exhaust passage 70. Thus, the combustion exhaust gas
generated in the combustor 17 is exhausted to the ex-
haust passage 70 via the exhaust gas passage 77. That
is, the combustion exhaust gas generated in the com-
bustor 17 is exhausted to the exhaust passage 70 as the
exhaust gas exhausted from the combustion device 103.
Then, the combustion exhaust gas exhausted to the ex-
haust passage 70 is exhausted to outside of the building
200 through the exhaust passage 70.

[0044] A hole 19 is provided in a suitable location of a
wall defining the combustion device 103 to penetrate the
wall in a thickness direction. A pipe defining the exhaust
passage 70 is inserted into the hole 19 such that there
is a gap between the pipe and the hole 19. The gap be-
tween the hole 19 and the exhaust passage 70 define
the intake port 19. Through the intake port 19, air outside
of the power generation system 100 can be supplied to
inside of the combustion device 103.

[0045] Thatis, the exhaust passage 70 branches, and
two upstream ends are connected to the hole 16 and the
hole 19, respectively. The exhaust passage 70 may ex-
tend to outside of the building 20, and its downstream
end (opening) opens to atmosphere. This allows the cas-
ing 12 and the exhaust port 103A of the combustion de-
vice 103 to communicate with each other via the exhaust
passage 70.

[0046] Although in Embodiment 1, the hole into which
the pipe defining the exhaust passage 70 is inserted and
the hole defining the intake port 19 are constructed as
the single hole 19, the present invention is not limited to
this. The hole into which the pipe defining the exhaust
passage 70 is inserted (connected) and the hole defining
the intake port 19 may be separately provided in the com-
bustion device 103. The intake port 19 may be defined
by one hole or a plurality of holes in the combustion device
103.

[0047] The back-flow preventing device 20 is provided
in a location between the upstream end of the exhaust
passage 70 at the hole 16 side and a branch point of the
exhaust passage 70. In the present embodiment, the
back-flow preventing device 20 is constituted by a ball-
type check valve, and includes a ball (valve element) 20a
and a valve seat 20b. Although the back-flow preventing
device 20 is the ball-type check valve, the present inven-
tionis not limited to this. The back-flow preventing device
20 may be any of check valves such as a lift-type check
valve, a swing-type check valve, and a diaphragm-type
check valve. For example, as the valve element 20a, a
plate-shaped flap may be used instead of the ball. Al-
though in Embodiment 1, the back-flow preventing device
20 is provided in the exhaust passage 70, the present
invention is not limited to this. For example, the back-
flow preventing device 20 may be provided in the gas
passage.

[0048] In the above configuration, when the exhaust
gas exhausted from the combustion device 103 flows
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through the exhaust passage 70 back to the upstream
end of the exhaust passage 70 at the hole 16 side, during
the shut-down state of the fuel cell system 101, the ball
20a contacts the vale seat 20b, due to an increase in a
pressure of the exhaust gas from the combustion device
103. Thus, it becomes possible to prevent the exhaust
gas from the combustion device 103 from flowing back
to inside of the casing 12. On the other hand, when the
fuel cell system 101 and/or the ventilation fan 13 are/is
activated and thereby a pressure of the exhaust gas ex-
hausted from the fuel cell system 101 and/or the venti-
lationfan 13 increases, the ball20amoves upward, there-
by allowing the exhaust gas to flow through the exhaust
passage 70.

[0049] The controller 102 may have any configuration
so long as it is able to control the components in the
power generation system 100. The controller 102 in-
cludes a processor section represented by a microproc-
essor, a CPU, etc., and a memory section constituted by
a memory, etc., which contains programs for executing
control operations. The controller 102 reads out specified
control programs stored in the memory section and ex-
ecutes them, thus processing these information and per-
forming control relating to the power generation system
100 including the control therefor.

[0050] The controller 102 may consist of a single con-
troller or may be constituted by a controller group com-
posed of a plurality of controllers that cooperate with each
other to control the power generation system 100. For
example, the controller 102 may be configured to control
the ventilation fan 13 and another controller may be con-
figured to control the components other than the ventila-
tion fan 13 in the power generation system 100. The con-
troller 102 may be constituted by a microcontroller, MPU,
PLC (programmable logic controller), a logic circuit, etc..

[Operation of power generation system]

[0051] Next,the operation ofthe power generation sys-
tem 100 according to Embodiment 1 will be described
with reference to Figs. 1 and 2. Since a power generation
operation of the fuel cell system 101 in the power gen-
eration system 100 is similar to a power generation op-
eration of a general fuel cell system, its detailed descrip-
tion will not be given. In Embodiment 1, it is supposed
that the controller 102 consists of a single controller and
controls the components in the power generation system
100.

[Start-up operation of fuel cell system]

[0052] Fig. 2 is a flowchart schematically showing a
start-up operation of the fuel cell system in the power
generation system according to Embodiment 1.

[0053] As described above, the combustion exhaust
gas exhausted from the combustion device 103 contains
the steam. If the ball 20a and/or the valve seat 20b in the
back-flow preventing device 20 contact each other in a
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state in which the condensed water generated by con-
densation of the steam adheres to the surface of the ball
20a and/or the surface of the valve seat 20b, the ball 20a
remains incapable of moving away from the valve seat
20b, so that the gas cannot be exhausted from inside of
the casing 12 to the exhaust passage 70. To avoid this,
the power generation system 100 of Embodiment 1 car-
ries out the start-up operation as described below.
[0054] At start-up of the fuel cell system 101, an oper-
ation for relieving the state in which the ball 20a remains
incapable of moving away from the valve seat 20b is car-
ried out in a state in which the gas supply device is de-
activated and the exhaust gas is not exhausted from the
fuel cell system 101 to the exhaust passage 70 during a
shut-down state (including a standby state) of the fuel
cell system 101.

[0055] As shown in Fig. 2, the controller 102 checks
whether or not a start-up command of the fuel cell system
101 has been input (step S 101). As an example of a
case where the start-up command of the fuel cell system
101 is input, there are a case where a user of the power
generation system 100 manipulates a remote controller
(not shown) to command the fuel cell system 101 to be
activated, a case where the time gets to a preset opera-
tion start time of the fuel cell system 101, etc..

[0056] In step S102, the controller 102 activates the
ventilation fan 13 (executes the operation for relieving
the state in which the ball 20a remains incapable of mov-
ing away from the valve seat 20b). Specifically, the ven-
tilation fan 13 is activated so that the differential pressure
between the upstream side and the downstream side of
the back-flow preventing device 20 reaches a value
which is equal to or greater than a predetermined value
which can relieve the state in which the ball 20a remains
incapable of moving away from the valve seat 20b in the
back-flow preventing device 20. The predetermined val-
ue can be found in advance from an experiment, etc.,
and the static pressure of the ventilation fan 13 may be
greater than a value of the pressure in the ventilation fan
13 during a steady operation of the fuel cell system 101.
[0057] The differential pressure between the upstream
side and the downstream side of the back-flow preventing
device 20 is defined as a difference between a pressure
in a portion of the exhaust passage 70 which is located
upstream of the back-flow preventing device 20 and a
pressure in a portion of the exhaust passage 70 which
is located downstream of the back-flow preventing device
20.

[0058] An operation time of the ventilation fan 13 may
be set as desired. For example, the ventilation fan 13
may be activated for several seconds, several tens sec-
onds, or several minutes.

[0059] In the above described manner, the ball 20a
can be moved upward more surely, and the interior of
the casing 12 can be ventilated more surely.

[0060] Next, the controller 102 outputs activation start-
ing commands to the components in the fuel cell system
101 (step S 104), and finishes the present flow. There-
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upon, the start-up operation of the fuel cell system 101
is started. To be specific, the combustor 14a and/or the
oxidizing gas supply device 15 are/is activated.

[0061] To be in a greater detail, the combustion fuel
(e.g., natural gas) and the combustion air are supplied
to the combustor 14a of the fuel gas supply device 14.
The combustor 14a combusts the combustion fuel and
the combustion air to generate the combustion exhaust
gas. The reformer 14a is heated by heat transferred from
the generated combustion exhaust gas.

[0062] At a time point when a temperature of the re-
former 14a has reached a temperature at which the raw
material (e.g., hydrocarbon such as methane) can be re-
formed, the raw material and the steam are supplied to
the reformer 14a. The reformer 14a generates the fuel
gas through a reforming reaction between the raw ma-
terial and the steam. The generated fuel gas is supplied
to the fuel cell 11 (to be precise, fuel gas passage 11 A)
via the fuel gas supply passage 71. The oxidizing gas
supply device 15 supplies the oxidizing gas to the fuel
cell 11 (to be precise, oxidizing gas passage 11 B) via
the oxidizing gas supply passage 72.

[0063] In Embodiment 1, the ventilation fan 13 is acti-
vated, to execute the operation for relieving the state in
which the ball 20a remains incapable of moving away
from the valve seat 20b, then the combustor 14a is acti-
vated, and then the oxidizing gas supply device 15 is
activated. However, the present invention is not limited
to this, and the following configuration may be performed.
After the ventilation fan 13 is activated, the oxidizing gas
supply device 15 is activated, and then the combustor
14a is activated. Or, after the ventilation fan 13 is acti-
vated, the combustor 14a and the oxidizing gas supply
device 15 are activated.

[0064] As described above, in the power generation
system 100 of Embodiment 1, when the combustion de-
vice 103 is activated and thereby the state in which the
valve element remains in contact with the valve seat in
the back-flow preventing device 20 is maintained, the
ventilation fan 13 is activated so that the differential pres-
sure between the upstream side and the downstream
side of the back-flow preventing device 20 reaches a val-
ue which is equal to or greater than the predetermined
value which can relieve the state in which the valve ele-
ment remains incapable of moving away from the valve
seat in the back-flow preventing device 20, at start-up of
the fuel cell system 101.

[0065] Thus, the ball 20a is caused to move upward,
so that the exhaust gas from the fuel cell system 101 and
the ventilation fan 13 flows through the exhaust passage
70 and is exhausted to outside of the power generation
system 100.

[Operation during shut-down state of fuel cell sys-
tem]

[0066] Next, an operation performed during the shut-
down state of the fuel cell system 101 in the power gen-
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eration system 100 according to Embodiment 1 will be
described.

[0067] Initially, the controller 102 checks whether or
not the fuel cell system 101 is during the shut-down state.
To be specific, the controller 102 can determine whether
or not the fuel cell system 101 is during the shut-down
state depending on, for example, whether or not a shut-
down command output to the fuel cell system 101 is
stored in a memory section (not shown). Note thatin Em-
bodiment 1, whether or not the combustion device 103
continues to be activated during the shut-down state of
fuel cell system 101 1 is not problematic.

[0068] During the power generation operation of the
fuel cell system 101, the ventilation fan 13 has already
been activated, and the exhaust gas from the fuel cell
system 101 or the gas (mainly, air) from inside of the
casing 12 has been exhausted to the exhaust passage
70. Therefore, the controller 102 need not newly activate
the ventilation fan 13, and therefore finishes the control
program.

[0069] Asdescribed above, during the shut-down state
of the fuel cell system 101, the combustion exhaust gas
exhausted from the combustion device 103 contains the
steam. And, therefore, if the ball 20a and the valve seat
20b contact each other in the state in which the con-
densed water generated by condensation of the steam
adheres to the surface of the ball 20a and/or the surface
of the valve seat 20b, the ball 20a remains incapable of
moving away from the valve seat 20b, so that the gas
cannot be exhausted from inside of the casing 12 to the
exhaust passage 70.

[0070] To avoid this, the controller 102 activates the
ventilation fan 13 (executes the operation for relieving
the state in which the ball 20a remains incapable of mov-
ing away from the valve seat 20b). To be specific, the
controller 102 activates the ventilation tan 13 so that the
differential pressure between the upstream side and the
downstream side of the back-flow preventing device 20
reaches the value which is equal to or greater than the
predetermined value which can relieve the state in which
the ball 20a remains incapable of moving away from the
valve seat 20b in the back-flow preventing device 20.
The operation time of the ventilation fan 13 may be set
as desired. For example, the ventilation fan 13 may be
activated for several seconds, several tens seconds, or
several minutes.

[0071] Thus, even when the valve element contacts
the valve seat in the back-flow preventing device 20 dur-
ing the shut-down state of the fuel cell system 101, the
ball 20a is moved upward and the state in which the ball
20a remains incapable of moving away from the valve
seat 20b can be relieved, by activating the ventilation fan
13. Because of this, when the fuel cell system 101 is
started-up, the exhaust gas from the fuel cell system 101
and the exhaust gas from the ventilation fan 13 are flowed
through the exhaust passage 70 and exhausted to out-
side of the power generation system 100.

[0072] Because of the above, in the power generation
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system 100 of Embodiment 1, since the interior of the
casing 12 is ventilated, reduction of an oxygen concen-
tration in the interior of the casing 12 can be suppressed,
an ignition failure in the combustor 14a can be sup-
pressed, and reliability of the power generation system
100 can be improved.

[0073] Although in Embodiment 1, the exhaust pas-
sage 70, the off-fuel-gas passage 73, the off-oxidizing-
gas passage 74 and the exhaust gas passage 77 are
different passages, the present invention is not limited to
this. These passages may be collectively interpreted as
the exhaust passage 70.

[0074] Although in Embodiment 1, the controller 102
continues to activate the ventilation fan 13 for the prede-
termined time, the present invention is not limited to this.
For example, the controller 102 may be configured to
activate the ventilation fan 13 intermittently.

(Embodiment 2)

[0075] Ina powergeneration system according to Em-
bodiment 2, the controller controls the gas supply device
so that an output pressure of the gas supply device be-
comes greater when the operation for relieving the state
in which the valve element remains incapable of moving
away from the valve seat is executed during an activated
state of the combustion device than when the operation
for relieving the state in which the valve element remains
incapable of moving away from the valve seatis executed
during a deactivated state of the combustion device.
[0076] The power generation system according to Em-
bodiment 2 may further include an operation detector for
detecting the activated state and the deactivated state
of the combustion device, and the controller may control
the gas supply device to execute the operation for reliev-
ing the state in which the valve element remains incapa-
ble of moving away from the valve seat, when the oper-
ation detector detects the activated state of the combus-
tion device, during the shut-down state of the fuel cell
system.

[Configuration of power generation system]

[0077] Fig. 3 is a schematic view showing a configu-
ration of the power generation system according to Em-
bodiment 2.

[0078] As shownin Fig. 3, a power generation system
100 according to Embodiment 2 has basically the same
configuration as that of the power generation system 100
according to Embodiment 1, except that a temperature
detector (operation detector) 21 is attached on the ex-
haust passage 70. The temperature detector 21 detects
the temperature in the exhaust passage 70 and outputs
the detected temperature to the controller 102. As the
temperature detector 21, a temperature sensor such as
a thermocouple may be used.

[0079] Althoughin Embodiment 2, the temperature de-
tector 21 is attached on the exhaust passage 70, the
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present invention is not limited to this. The temperature
detector 21 may be attached on at least one of the ex-
haust passage 70, the off-fuel-gas passage 73, the off-
oxidizing-gas passage 74 and the ventilation passage 75.

[Operation of power generation system]

[0080] Fig. 4 is a flowchart schematically showing the
operation for relieving the state in which the valve ele-
ment remains incapable of moving away from the valve
seat, in a power generation system according to Embod-
iment 2.

[0081] As shown in Fig. 4, the controller 102 deter-
mines whether or not the fuel cell system 101 is during
the shut-down state (step S201). To be specific, the con-
troller 102 can determine whether or not the fuel cell sys-
tem 101 is during the shut-down state depending on
whether or not a shut-down command output to the fuel
cell system 101 is stored in the memory section (not
shown).

[0082] If it is determined that the fuel cell system 101
is not during the shut-down state (No in step S201), step
S201 is repeated until it is determined that the fuel cell
system 101 is during the shut-down state. On the other
hand, if it is determined that the fuel cell system 101 is
during the shut-down state (Yes in step S201), the proc-
ess goes to step S202.

[0083] In step S202, the controller 202 obtains a tem-
perature T detected by the temperature detector 21 from
the temperature detector 21. Then, the controller 102 de-
termines whether or not the temperature T obtained in
step S202 is equal to or higher than a preset threshold
temperature T1 (step S203). The threshold temperature
T1 may be in a temperature range in a case where the
exhaust gas exhausted from the combustion device 103
flows through the exhaust passage 70, which range is
found in advance by, for example, an experiment. Or, for
example, a temperature which is 20 degrees C or more
higher than a temperature in the interior of the building
200 or an outside temperature may be set as the thresh-
old temperature T1.

[0084] If it is determined that the temperature T ob-
tained in step S202 is lower than the threshold temper-
ature T1 (No in step S203), the process returns to step
S201, and repeats steps S201 to step S203 until it is
determined that the fuel cell system 101 is during the
shut-down state and the temperature T obtained in step
S202 becomes equal to or higher than the threshold tem-
perature T1. On the other hand, if it is determined that
the temperature T obtained in step S202 is equal to or
higher than the threshold temperature T1 (Yes in step
S203), the controller 102 determines thatthe combustion
device 103 is activated (including start of operation), and
the process goes to step S204.

[0085] In step S204, the controller 102 activates the
ventilation fan 13 (executes the operation for relieving
the state in which the valve element remains incapable
of moving away from the valve seat) and finishes the
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present flow. To be specific, the controller 102 controls
the ventilation fan 13 so that the output pressure of the
ventilation fan 13 becomes greater thanin the case where
the operation for relieving the state in which the valve
element remains incapable of moving away from the
valve seatis executed during the deactivated state of the
combustion device 103.

[0086] Duringthe activated state of the combustion de-
vice 103, the pressure in a portion of the exhaust passage
70 which is located downstream of the back-flow pre-
venting device 20 becomes higher. Because of this, it is
necessary to increase the output pressure (operation
amount of the ventilation fan 13) of the ventilation fan 13
so that the differential pressure between the upstream
side and the downstream side of the back-flow preventing
device 20 reaches a value which is equal to or greater
than the predetermined value which can relieve the state
in which the valve element remains incapable of moving
away from the valve seat in the back-flow preventing de-
vice 20. Therefore, the controller 102 controls the venti-
lation fan 13 so that the output pressure of the ventilation
fan 13 becomes greater than in the case where the op-
eration for relieving the state in which the valve element
remains incapable of moving away from the valve seat
is executed during the deactivated state of the combus-
tion device 103.

[0087] Thus, even when the valve element contacts
the valve seat in the back-flow preventing device 20 dur-
ing the shut-down state of the fuel cell system 101, the
ball 20a is moved upward, and the state in which the ball
20a remains incapable of moving away from the valve
seat 20b can be relieved, by activating the ventilation fan
13.

[0088] The power generation system 100 according to
Embodiment 2 configured as described above can
achieve the same advantages as those of the power gen-
eration system 100 according to Embodiment 1.

[0089] Although in Embodiment 2, itis determined that
the combustion device 103 is during the activated state,
when the temperature T detected by the temperature de-
tector 21 is equal to or higher than the threshold temper-
ature T1, the present invention is not limited to this. For
example, the controller 102 may determine that the com-
bustor 102is during the activated state, when a difference
between the temperature detected by the temperature
detector 21 before a particular time and the temperature
detected by the temperature detector 21 after the partic-
ular time is equal to or higher than a threshold tempera-
ture T2. The threshold temperature T2 may be found in
advance, by, for example, an experiment, and may be,
for example, 10 degrees C.

[0090] Althoughin Embodiment 2, the temperature de-
tector 21 is the operation detector, the present invention
is not limited to this. For example, as the operation de-
tector, a pressure detector may be used. To be specific,
the pressure sensor may be attached on at least one of
the exhaust passage 70, the off-fuel-gas passage 73, the
off-oxidizing-gas passage 74 and the ventilation passage
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75, and it may be determined whether or not the com-
bustion device 103 is activated based on the pressure
detected by the pressure sensor.

[0091] To be more specific, the pressure sensor de-
tects the pressure in the passage and outputs the detect-
ed pressure to the controller 102. If the input pressure is
equal to or greater than a threshold pressure P1 or a
differential pressure between a pressure before a partic-
ular time and a pressure after the particular time is equal
to or greater than a threshold pressure P2, the controller
102 may determine that the combustion device 103 is
activated. The threshold pressure P1 or the threshold
pressure P2 may be found in advance, by, for example,
an experiment.

[0092] For example, as the operation detector, a flow
detector (gas meter) for detecting a flow rate of the com-
bustion fuel (natural gas) supplied to the combustion de-
vice 103 may be used. To be specific, the flow detector
detects the flow rate of the combustion fuel supplied to
the combustion device 103, and outputs the detected flow
rate to the controller 102. If the input flow rate is equal to
or greater than a threshold flow rate F1 or a differential
flow rate between a flow rate before a particular time and
a flow rate after the particular time is equal to or greater
than a threshold flow rate F2, the controller 102 deter-
mines that the combustor 102 is activated. The threshold
flow rate F1 or the threshold flow rate F2 may be found
in advance, by, for example, an experiment.

[0093] Forexample, in a case where the user provides
a remote controller for commanding the combustion de-
vice 103 to be activated, the remote controller may be
used as the operation detector. To be specific, if the op-
eration command is output from the remote controller to
the combustion device 103, the controller 102 may de-
termine that the combustion device 103 is activated.
[0094] For example, in a case where the combustion
device 103 is used as a boiler, a temperature sensor may
be attached on a water passage through which water
heated by the combustion device 103 flows, and the tem-
perature sensor may be used as the operation detector.
Specifically, if the input temperature is equal to or higher
than athreshold temperature T3 or a difference between
atemperature before a particular time and a temperature
after the particular time is equal to or higher than a thresh-
old temperature T4, the controller 102 may determine
that heatis supplied from the combustion device 103 and
hence the combustion device 103 is activated. The
threshold temperature T3 or the threshold temperature
T4 may be found in advance, by, for example, an exper-
iment.

[0095] Moreover, for example, the controller 102 may
determine that the combustion device 103 is activated
based on whether or not the activation command output
to the combustion device 103 is stored in the memory
section (not shown). In this case, the controller 102 has
a function of the operation detector.
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[Modified example 1]

[0096] Next, Modified example of the power generation
system 100 according to Embodiment 2 will be described.
[0097] In the power generation system according to
Modified example 1 of Embodiment 2, the controller is
configured to control the gas supply device so that the
operation for relieving the state in which the valve ele-
ment remains incapable of moving away from the valve
seat is executed again if the operation detector detects
the activated state of the combustion device again in a
period until the start-up of the fuel cell system starts after
the operation for relieving the state in which the valve
element remains incapable of moving away from the
valve seat is executed during the shut-down state of the
fuel cell system, whereas the controller is configured to
control the gas supply device so that the operation for
relieving the state in which the valve element remains
incapable of moving away from the valve seat is not ex-
ecuted again, if the operation detector does not detect
the activated state of the combustion device.

[0098] A configuration of the power generation system
according to Modified example 1 is the same as the con-
figuration of power generation system according to Em-
bodiment 2, and will not be described in repetition.

[Operation of power generation system]

[0099] Fig. 5 is a flowchart schematically showing the
operation for relieving the state in which the valve ele-
ment remains incapable of moving away from the valve
seat, in the power generation system according to Mod-
ified example 1.

[0100] As shown in Fig. 5, the operation for relieving
the state in which the valve element remains incapable
of moving away from the valve seat is such that step
S205, step S206, and step S207 are executed after ex-
ecuting the steps S201 to S204 which are the operation
for relieving the state in which the valve element remains
incapable of moving away from the valve seat in the pow-
er generation system according to Embodiment 2, and
this flow is repeated until the start-up starting command
of the fuel cell system 101 is input.

[0101] As described in Embodiment 2, when the con-
troller 102 detects the activated state of the combustion
device 103 (detects the activated state of the combustion
device 103), itactivates the gas supply device (ventilation
fan 13) to execute the operation for relieving the state in
which the valve element remains incapable of moving
away fromthe valve seat(step S204). Then, the controller
102 obtains again the temperature T detected by the tem-
perature detector 21, from the temperature detector 21
(step S205).

[0102] Then, the controller 102 determines whether or
not the temperature T obtained in step S205 is lower than
the threshold temperature T1 (step S206). If it is deter-
mined that the temperature T obtained in step S205 is
equal to or higher than the threshold temperature T1 (No
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in step S206), the controller 102 determines that the com-
bustion device 103 is during the activated state and the
process returns to step S205. Then, the controller 102
repeats the step S205 and the step S206 until the tem-
perature T obtained in step S205 becomes lower than
the threshold temperature T1.

[0103] On the other hand, if it is determined that the
temperature T obtained in step S205 is lower than the
threshold temperature T1 (Yes in step S206), the con-
troller 102 determines that the combustion device 103
has stopped its operation (the combustion device 103 is
deactivated), and the process goes to step S207.
[0104] In step S207, the controller 102 determines
whether or not the start-up command of the fuel cell sys-
tem 101 has been input. If it is determined that the start-
up command of the fuel cell system 101 has not been
input (Noin step S207), the process returns to step S201.
[0105] On the other hand, if it is determined that the
start-up command of the fuel cell system 101 has been
input (Yes in step S207), the controller 102 finishes the
present flow. In this case, after the present flow ends,
the controller 102 executes the flow of Fig. 2.

[0106] The power generation system 100 according to
Modified example 1 configured as described above can
achieve the same advantages as those of the power gen-
eration system 100 according to Embodiment 2.

(Embodiment 3)

[0107] A power generation system according to Em-
bodiment 3 includes an air supply passage placed to pro-
vide communication between the casing and the com-
bustion device and supplies the air from outside to the
fuel cell system and to the combustion device, and the
air supply passage is configured to exchange heat with
the exhaust passage.

[0108] The phrase "the air supply passage is config-
ured to exchange heat with the exhaust passage" means
that the air supply passage and the exhaust passage
need not contact each other but may be spaced apart
from each other by a distance within which the gas in the
air supply passage and the gas in the exhaust passage
can exchange heat between them. Therefore, the air sup-
ply passage and the exhaust passage may be provided
such that there is a space between them. Or, at an inner
side of one of the air supply passage and the exhaust
passage, the other may be provided. That is, a pipe de-
fining the air supply passage and a pipe defining the ex-
haust passage may be constituted to have a double-wall-
pipe structure.

[Configuration of power generation system]

[0109] Fig. 6 is a schematic view showing a configu-
ration of a power generation system according to Em-
bodiment 3. In Fig. 6, the air supply passage is hatched.
[0110] As shown in Fig. 6, a power generation system
100 according to Embodiment 3 has basically the same
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configuration as that of the power generation system ac-
cording to Embodiment 1, except that an air supply pas-
sage 78 is provided in the power generation system 100
according to Embodiment 3. To be specific, the air supply
passage 78 provides communication between the com-
bustion device 103 and the casing 12 in the fuel cell sys-
tem 101, supplies air from outside (in Embodiment 3,
outside of the building 200) to the fuel cell system 101
and to the combustion device 103, and surround an outer
periphery of the exhaust passage 70. That s, the air sup-
ply passage 78 and the exhaust passage 70 have a dou-
ble-wall-pipe structure.

[0111] J To be more specific, the air supply passage
78 branches and two upstream ends are connected to
the hole 16 and the hole 19, respectively. The air supply
passage 78 extends to outside of the building 200, and
its downstream end (opening) is open to atmosphere.
Thus, the air supply passage 78 provides communication
between the combustion device 103 and the casing 12
to allow the air from outside of the power generation sys-
tem 100 to be supplied to the fuel cell system 101 and
to the combustion device 103.

[0112] The power generation system 100 according to
Embodiment 3 configured as described above can
achieve the same advantages as those of the power gen-
eration system 100 according to Embodiment 1.

(Embodiment 4)

[0113] A power generation system according to Em-
bodiment 4 furtherincludes a hydrogen generator includ-
ing a reformer for generating a hydrogen-containing gas
from a raw material and steam, a combustor configured
to heat the reformer, and a combustion air supply device
for supplying combustion air to the combustor.

[Configuration of power generation system]

[0114] Fig. 7 is a schematic view showing a configu-
ration of the power generation system according to Em-
bodiment 4.

[0115] As shownin Fig. 7, a power generation system
100 according to Embodiment 4 has basically the same
configuration as that of the power generation system 100
according to Embodiment | , except that the fuel gas sup-
ply device 14 is constituted by the hydrogen generator
14 and the off-fuel-gas passage 73 is connected to the
combustor 14b of the hydrogen generator 14. To be spe-
cific, the hydrogen generator 14 includes the reformer
14a and the combustor 14b.

[0116] A downstream end of the off-fuel-gas passage
73 is connected to the combustor 14b. An off-fuel-gas is
supplied as the combustion fuel from the fuel cell 11
through the off-fuel-gas passage 73. A combustion fan
(combustion air supply device) 14c is connected to the
combustor 14b via an air supply passage 79. The com-
bustion fan 14c may have any configuration so long as
it is able to supply the combustion air to the combustor
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14b, and may be, for example, a fan component such as
a fan or a blower.

[0117] The combustor 14b combusts the off-fuel-gas
supplied and the combustion air to generate the combus-
tion exhaust gas and heat. The combustion exhaust gas
generated in the combustor 14b heats the reformer 14a,
etc., and then is exhausted to a combustion exhaust gas
passage 80. The combustion exhaust gas having been
exhausted to the combustion exhaust gas passage 80 is
exhausted to the exhaust passage 70 through the com-
bustion exhaust gas passage 80. The combustion ex-
haust gas having been exhausted to the exhaust pas-
sage 70 is exhausted to outside of the power generation
system 100 (building 200) through the exhaust passage
70.

[0118] A raw material supply device (not shown) and
a steam supply device (not shown) are connected to the
reformer 14a. The raw material and the steam are sup-
plied to the reformer 14a. As the raw material, a natural
gas containing methane as a major component, a LP gas
containing propane as a major component, etc., may be
used.

[0119] The reformer 14a has a reforming catalyst. As
the reforming catalyst, any substances may be used as
long as they act as a catalyst for catalyzing a steam re-
forming reaction for generating the hydrogen-containing
gas from the raw material and the steam. For example,
a ruthenium-based catalyst carrying ruthenium (Ru) on
acatalyst carrier such as alumina, a nickel-based catalyst
carrying nickel (Ni) on the same catalyst carrier, etc., may
be used. As the reforming catalyst of the reformer 14a,
a catalyst which allows an auto thermal reforming reac-
tion to proceed may be used.

[0120] The reformer 14a generates the hydrogen-con-
taining gas through the reforming reaction between the
raw material and the steam. The generated hydrogen-
containing gas flows as the fuel gas through the fuel gas
supply passage 71, and is supplied to the fuel gas pas-
sage 11 A of the fuel cell 11.

[0121] Although in Embodiment 2, the hydrogen-con-
taining gas generated in the reformer 14a is supplied as
the fuel gas to the fuel cell 11, the present invention is
not limited to this. The hydrogen-containing gas having
flowed through a shift converter having a shift catalyst
(e.g., copper-zinc based catalyst) for reducing carbon
monoxide in the hydrogen-containing gas output from
the reformer 14a inside of the hydrogen generator 14,
and a carbon monoxide removing device having an oxi-
dation catalyst (e.g., ruthenium based catalyst) ora meth-
anation catalyst (e.g., ruthenium based catalyst) inside
of the hydrogen generator 14, may be output to the fuel
cell 11.

[0122] A start-up operation of the fuel cell system 101
in the power generation system 100 according to Em-
bodiment 4 is the same as the start-up operation of the
fuel cell system 101 in the power generation system 100
according to Embodiment 1. Since the fuel gas supply
device 14 is constituted by the hydrogen generator, the
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operation which occurs after the activation starting com-
mands are output to the components in the fuel cell sys-
tem 101 in step S 104 is as follows.

[0123] Inresponse to the activation starting command
output from the controller 102. the combustion fan 14c
supplies the combustion air to the combustor 14b. The
combustor 14b is supplied with the combustion fuel (e.g.,
raw material gas) from the raw material supply device
(not shown). The combustor 14b combusts the combus-
tion fuel and the combustion air to generate the combus-
tion exhaust gas. The combustion exhaust gas generated
in the combustor 14b heats the reformer 14a, etc., then
flows through the combustion exhaust gas passage 80
and the exhaust passage 70, and then is exhausted to
outside of the building 200.

[0124] Then, the reformer 14ais supplied with the raw
material (e.g., hydrocarbon such as natural gas) and the
steam and generates the hydrogen-containing gas
through the steam reforming reaction. The generated hy-
drogen-containing gas is supplied as the fuel gas to the
fuel gas passage 11 A of the fuel cell 11 through the fuel
gas supply passage 71. The oxidizing gas supply device
15 supplies the oxidizing gas (air) to the oxidizing gas
passage 11 B via the oxidizing gas supply passage 72.
Then, in the fuel cell 11, the fuel gas and the oxidizing
gas are electrochemically reacted with each other to gen-
erate electricity and heat.

[0125] The fuel gas which has not been consumed in
the fuel cell 11 is supplied to the combustor 14b through
the off-fuel-gas passage 73. The oxidizing gas which has
not been consumed in the fuel cell 11 is exhausted to
outside of the building 200 through the off-fuel-gas pas-
sage 73 and the exhaust passage 70.

[0126] The power generation system 100 according to
Embodiment 4 configured as described above can
achieve the same advantages as those of the power gen-
eration system 100 according to Embodiment 1. In addi-
tion, since the interior of the casing 12 is ventilated, it
becomes possible to suppress reduction of the oxygen
concentration in the interior of the casing 12, suppress
ignition failure in the combustor 14b of the hydrogen gen-
erator 14, and improve reliability of the power generation
system 100.

[0127] Althoughin Embodiment1to Embodiment4 (in-
cluding modified example), the ventilation fan 13 is used
as the gas supply device, the present invention is not
limited to this. For example, as the gas supply device,
the oxidizing gas supply device 15 may be used. In a
case where the fuel gas supply device 14 is constituted
by the hydrogen generator, and the hydrogen generator
includes the combustor 14b and the combustion fan 14c,
the combustion fan 14c may be used as the gas supply
device.

[0128] Or, as the gas supply device, the ventilation fan
13 and the oxidizing gas supply device 15 may be used
together. Or, the ventilation fan 13 and the combustion
fan 14c may be used together. Or, the combustion fan
14c and the oxidizing gas supply device 15 may be used
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together. Or, the ventilation fan 13, the combustion fan
14c, and the oxidizing gas supply device 15 may be used
together.

[0129] Numeral modifications and alternative embod-
iments of the present invention will be apparent to those
skilled in the art in view of the foregoing description. Ac-
cordingly, the description is to be construed as illustrative
only, and is provided for the purpose of teaching those
skilled in the art the best mode of carrying out the inven-
tion. The details of the structure and/or function may be
varied substantially without departing from the spirit of
the invention.

Industrial Applicability

[0130] A power generation system and an operation
method thereof of the present invention enable stable
power generation, and therefore are useful in fields of

fuel cells.

Reference Signs List

[0131]

11 fuel cell

11A fuel gas passage

11B oxidizing gas passage

12 casing

13 ventilation fan

14 fuel gas supply device

14a reformer

14b combustor

14c combustion fan

15 oxidizing gas supply device
16 intake port

17 combustor

18 combustion fan

19 intake port

70 exhaust passage

71 fuel gas supply passage

72 oxidizing gas supply passage
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73

74

75

76

77

78

79

80

100

101

102

103

103A

200

Claims

26
off-fuel-gas passage
off-oxidizing-gas passage
ventilation passage
combustion air supply passage
exhaust gas passage
air supply passage
air supply passage
combustion gas passage
power generation system
fuel cell system
controller
combustion device
exhaust port

building

1. A power generation system comprising a fuel cell
system including a fuel cell for generating electric
power using a fuel gas and an oxidizing gas and a
casing for accommodating the fuel cell, a gas supply
device, and a controller;
the power generation system further comprising:

a combustion device;

an exhaust passage placed to provide commu-
nication between the casing and an exhaust port
of the combustion device and configured to ex-
haust an exhaust gas exhausted from the fuel
cell system and an exhaust gas exhausted from
the combustion device, to atmosphere, through
an opening leading to the atmosphere;

a gas passage which is provided with the gas
supply device and used to supply a gas supplied
from the gas supply device to the exhaust pas-
sage; and

a back-flow preventing device placed in the gas
passage or the exhaust passage and including
a valve seat and a valve element;

wherein the back-flow preventing device is con-
figured such that the valve element moves away
from the valve seat to permit the gas to flow in
a direction from the casing to the opening of the
exhaust passage, and the valve element con-
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tacts the valve seat to inhibit the gas from flowing
in a direction from the opening of the exhaust
passage to the casing and as a result to prevent
the exhaust gas exhausted from the combustion
device from flowing into the casing; and

wherein during a shut-down state or at start-up
of the fuel cell system, the controller executes
an operation for relieving the state in which the
valve element remains incapable of moving
away from the valve seat in such a manner that
the gas supply device is operated so that a dif-
ferential pressure between an upstream side
and adownstream side of the back-flow prevent-
ing device reaches a value which is equal to or
greater than a predetermined value which can
relieve the state in which the valve element re-
mains incapable of moving away from the valve
seat in the back-flow preventing device.

The power generation system according to Claim 1,
wherein during an operation of the fuel cell system,
the controller operates the fuel cell system under a
condition in which the differential pressure is lower
than the predetermined value which can relieve the
state in which the valve element remains incapable
of moving away from the valve seat in the back-flow
preventing device;

and wherein during the shut-down state or at start-
up of the fuel cell system, the controller executes the
operation for relieving the state in which the valve
elementremains incapable of moving away from the
valve seat.

The power generation system according to Claim 1
or 2,

wherein when the controller controls the gas supply
device so that an output pressure of the gas supply
device becomes higher when the operation for re-
lieving the state in which the valve element remains
incapable of moving away from the valve seat is ex-
ecuted during an activated state of the combustion
device than when the operation for relieving the state
in which the valve element remains incapable of
moving away from the valve seat is executed during
a deactivated state of the combustion device.

The power generation system according to any one
of Claims 1 to 3, further comprising:

an operation detector for detecting an activated
state or a deactivated state of the combustion
device;

wherein during the shut-down state of the fuel
cell system, when the operation detector detects
the activated state of the combustion device, the
controller controls the gas supply device to ex-
ecute the operation for relieving the state in
which the valve element remains incapable of
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moving away from the valve seat.

The power generation system according to Claim 4,
wherein when the operation detector detects the ac-
tivated state of the combustion device again in a pe-
riod that passes fromwhen the operation for relieving
the state in which the valve element remains inca-
pable of moving away from the valve seat has been
executed until start-up of the fuel cell system starts,
the controller controls the gas supply device to exe-
cute again the operation for relieving the state in
which the valve element remains incapable of mov-
ing away from the valve seat; and

when the operation detector does not detect the ac-
tivated state of the combustion device, the controller
does not execute again the operation for relieving
the state in which the valve element remains inca-
pable of moving away from the valve seat.

The power generation system according to any one
of Claims 1 to 5, further comprising:

a hydrogen generator including a reformer for
generating a hydrogen-containing gas from a
raw material and steam; a combustor configured
to heat the reformer, and a combustion air sup-
ply device for supplying combustion air to the
combustor;

wherein the gas supply device is at least one of
a ventilation device configured to exhaust a gas
frominside ofthe casing to the exhaust passage,
an oxidizing gas supply device configured to
supply the oxidizing gas to the fuel cell and ex-
haust the oxidizing gas to the exhaust passage,
and the combustion air supply device.

7. The power generation system according to any one

of Claims 1 to 5, further comprising:

an oxidizing gas supply device configured to
supply the oxidizing gas to the fuel cell and ex-
haust the oxidizing gas to the exhaust passage;
wherein the gas supply device is a ventilation
device configured to exhaustthe gas frominside
of the casing to the exhaust passage; and

wherein the controller activates the ventilation
device to execute the operation for relieving the
state in which the valve element remains inca-
pable of moving away from the valve seat, and
then activates the oxidizing gas supply device.

8. The power generation system according to any one

of Claims 1 to 7, further comprising:

a hydrogen generator including a reformer for
generating a hydrogen-containing gas from a
raw material and steam; a combustor configured
to heat the reformer; and a combustion air sup-
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ply device for supplying combustion air to the
combustor;

wherein the gas supply device is a ventilation
device configured to exhaust the gas from inside
of the casing to the exhaust passage; and
wherein the controller activates the ventilation
device to execute the operation for relieving the
state in which the valve element remains inca-
pable of moving away from the valve seat, and
then activates the combustor.

The power generation system according to any one
of Claims 1 to 8,

wherein the controller executes the operation for re-
lieving the state in which the valve element remains
incapable of moving away from the valve seatin such
a manner that the controller causes the gas supply
device to intermittently supply the gas from inside of
the casing to the back-flow preventing device.

The power generation system according to any one
of Claims 1 to 9,

wherein the exhaust passage has a shape in which
its upstream end branches into at least two parts to
be connected to the exhaust port of the combustion
device and to the casing; and

wherein the back-flow preventing device is placed in
a location closer to the casing than a point where the
upstream end of the exhaust passage branches.

A method of operating a power generation system
comprising a power generation system comprising
a fuel cell system including a fuel cell for generating
electric power using a fuel gas and an oxidizing gas
and a casing accommodating the fuel cell, a gas sup-
ply device, and a controller;

the power generation system further comprising:

a combustion device;

an exhaust passage placed to provide commu-
nication between the casing and an exhaust port
of the combustion device and configured to ex-
haust an exhaust gas exhausted from the fuel
cell system and an exhaust gas exhausted from
the combustion device, to atmosphere, through
an opening leading to the atmosphere;

a gas passage which is provided with the gas
supply device and used to supply a gas supplied
from the gas supply device to the exhaust pas-
sage; and

a back-flow preventing device placed in the gas
passage or the exhaust passage and including
a valve seat and a valve element;

wherein the back-flow preventing device is con-
figured such that the valve element moves away
from the valve seat to permit the gas to flow in
a direction from the casing to the opening of the
exhaust passage, and the valve element con-
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tacts the valve seat toinhibit the gas from flowing
in a direction from the opening of the exhaust
passage to the casing and as a result to prevent
the exhaust gas exhausted from the combustion
device from flowing into the casing; and
wherein during a shut-down state or at start-up
of the fuel cell system, the gas supply device is
operated so that a differential pressure between
an upstream side and a downstream side of the
back-flow preventing device reaches a value
which is equal to or greater than a predeter-
mined value which can relieve a state in which
the valve element remains incapable of moving
away from the valve seat in the back-flow pre-
venting device.
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